The 2MFGC catalog we have used contains 18020 galaxies selected from the extended objects in the 2MASS infrared sky survey as having apparent ratios of the axes b/a < 0.3. Most of them are spiral galaxies of late morphological types whose discs are seen almost edge-on. The individual distances to the 2724 2MFGC galaxies with known rotation velocities and radial velocities are determined using a multi-parametric infrared Tully-Fisher relation. A list of the distances and peculiar velocities of these galaxies is presented. The bulk motion of the 2MFGC galaxies relative to the cosmic microwave background is characterized with the velocity V = 199±37 km/s in the direction l = 304°±11°, b = -8°±8°. Our list is currently the most representative and uniform sample for analyzing non-Hubble motion of galaxies on a scale of ~100 Mpc.
Introduction
According to the conventional definition, the redshift of galaxies is the sum of two terms: the isotropic cosmic expansion velocity and the peculiar velocity owing to gravitational attraction by the surrounding matter. In practice, determining the peculiar velocity of a galaxy requires knowledge of both its observable radial velocity relative to some reference system and the distance to the galaxy determined independently of the radial velocity. The most widely used method of determining the individual distances to spiral galaxies is the Tully-Fisher method (TF) [1] . Peebles [2] has shown that in terms of a linear theory of gravitational instability, the peculiar velocities of galaxies are related to fluctuations in the mass through the cosmological parameter. Thus, the observed distribution of peculiar radial velocities of galaxies within a sufficiently large volume can be used to recover the distribution of matter within that volume, given a set of cosmological parameters and boundary conditions [3] .
Solving this sort of problem requires extensive, uniform samples of galaxies which are evenly and sufficiently densely distributed over the sky and have great depth. This condition is satisfied by the RFGC [4] , a catalog of flat spiral galaxies which are visible edge-on. The RFGC contains 4236 galaxies with an optical angular diameter a ≥ 0'. 6 and an apparent ratio of the axes, a/b ≥ 7. In 2000, the radial velocities and rotation amplitudes (either W 50 or W 20 for an HI line, or the optical V max ) had been measured for only 1327 of the RFGC galaxies (31% of the entire catalog). A multiparameter TF relation was constructed for them based on the cataloged characteristics of the galaxies and their peculiar distances were determined [5] . The accuracy of the velocities determination was roughly 20-25%. These data have been used to estimate the parameters of the ---------------------- bulk motion and to construct the two-dimensional velocity field [6] . Feldman et al. [7] have compared the dependence of the differences of the velocities of paired galaxies on their mutual distance for different samples: MarkIII [8] , SFI [9, 10] , ENEAR [11] , and RFGC. It was shown that, although these catalogs differ in sample size and geometry, the results for the cosmological parameter of the density of matter and the amplitude of the fluctuations in the density are stable and in fairly good agreement.
Unfortunately, data on the rotational velocities of RFGC galaxies in both the radio and optical ranges accumulates rather slowly. Since the publication of the list [5] , the number of galaxies with known radial velocities and rotation amplitudes has increased by roughly a quarter.
Beginning with the first papers of Aaronson et al. [12] [13] [14] , researchers have made extensive use of the infrared TF relation (IRTF). Its advantages have been described in detail by the review by Strauss and Willick [3] . We have constructed the IRTF relation in the J, H , and K S bands for RFGC galaxies [15] using photometric characteristics from the 2MASS Extended Source Catalog, XSC [16] . Then, taking the Kron J fe value as a reference and constructing a linear multi-parameter IRTF relation, we determined the amplitude and apex of the bulk motion:
o , and b = −2 o ± 15 o for a sample of 971 galaxies with velocities within 18000 km/s [17] . This result is in good agreement with other published data [18] .
A new sample and Tully-Fisher relation
The successful application of the IRTF relation to the RFGC galaxies has revealed a new possibility for sampling flattened spiral galaxies from the XSC catalog based on their 2MASS characteristics. The new 2MASS selected Flat Galaxy Catalog, 2MFGC [19] contains 18020 galaxies with infrared axis ratios b/a < 0.3, which corresponds roughly to an optical axis ratio a/b> 6. A statistical analysis of the characteristics of the 2MFGC galaxies shows that, despite the poor sensitivity of the 2MASS sample to galaxies with a low surface brightness and blue dwarf systems, the 2MFGC catalog is an entirely adequate "optical" RFGC catalog: the new catalog contains mainly spiral galaxies of later types. The advantage of the 2MFGC catalog compared to the RFGC is the four times larger sample size, as well as much greater depth and more completeness of the data in the region of the Milky Way. It is also important that the photometric parameters of the 2MASS galaxies have been measured in a uniform way for the overwhelming majority of the objects (except those with the largest angular diameters).
For compiling a summary of the radial velocities V h , widths of the hydrogen lines W 20 and W 50 , and the optical estimates of the rotational amplitude V max , we have used the following sources: (1) The latest versions of the LEDA and NED data bases. (2) A list of RFGC galaxies with peculiar velocities [5] . (3)A list of southern RFGC galaxies identified in the HIPASS survey [20] and in the catalog of Kilborn et al. [21] . (4) Data from our observations on the 100-m Effelsberg telescope [22, 23] . (5) A summary catalog of the profiles of the hydrogen 21 cm line in optically selected galaxies [24] . (6) Spectra of the  line obtained on the 5-m Palomar telescope [15] .
In all, our data set included about 5700 2MFGC galaxies with measured radial velocities, along with 3110 galaxies for which estimates of the rotational velocity were also available. We then eliminated cases of unreliable photometry (adjacency to a bright star), low signal/noise ratios for HI line profiles, and possible effects of near neighbors on the HI line profile from the sample, and also excluded galaxies with peculiar morphology. This left 5633 galaxies with measured V h , of which 3074 have measured rotation velocities; this represents 31% and 17%, respectively, of the total number of galaxies in the 2MFGC catalog.
Compared to the sample used in our previous paper [26] , there are 309 more galaxies with measured rotation velocities.
In the earlier work [26] we provided a detailed justification for the use of the hydrogen line width W 50 as the basic width. Here we use the previously found relations for converting W 20 
where W c 50 is the width W 50 of the hydrogen line corrected for cosmological broadening, Jhl is the effective surface brightness in the J band, Jcdex is the concentration index (the ratio of the radii within which 3/4 and 1/4 of the galaxy light is concentrated), J c fe ≡J fe −A J and K c fe ≡K fe −A K are the Kron J-and K-magnitudes corrected [27] for extinction in our galaxy (we use the difference in magnitudes as a color index), and a/b is the ratio of the axes.
We calculated the absolute magnitude from the apparent one J c fe in the usual way:
For calibrating Eq. (1) we estimated the photometric distance r (in Mpc) using the post-Hubble relation
which is valid for a uniform, isotropic cosmological model. (Here c is the speed of light.) The radial velocity V 3K in the microwave background system was calculated from the heliocentric radial velocity V h ≡ cz using the parameters of the Sun's motion relative to the microwave background [28] . The Hubble constant was taken to be H 0 = 75 km/s/Mpc. The value q 0 = -0.55 of deceleration parameter corresponds to the standard cosmological model with cold dark matter and the cosmological constant ( Ω m = 0.3, Ω λ = 0.7). We find the coefficients in Eq. (1) by minimizing the sum of the squares of the deviations in the right hands sides of Eqs. (1) and (2) taking Eq. (3) into account.
In the second step, after calibration of the IRTF relation, we find the distance according to Eqs. (1) and (2) and calculate the individual peculiar velocity of a galaxy in the post-Hubble approximation:
For the sample with N = 3074 we obtained a rather large scatter of the points in the IRTF diagram, σ TF = 0 m .76. As in Ref. 26 , we eliminated galaxies which deviate by more than 3σ TF in the IRTF diagram, as well as those galaxies whose individual peculiar velocities exceed 3000 km/s in the 3K-system, assuming that these deviations are caused by measurement errors rather than physical causes. After several iterations of the exclusion process (until the process converged), we obtained a sample with N = 2724 galaxies, which was characterized by standard deviation σ TF = 0 m .47.
The coefficients in the IRTF relation (1) together with their significance according to the Fisher criterion (given in parentheses) turned out to be: We now comment briefly on the role of the coefficients in the regression results. log(a/b): the positive value of the coefficient C 2 means that in most flat/inclined galaxies the luminosity is fainter than the average;
Jhl: the positive value of C 3 means that in the more diffuse galaxies the luminosity is weaker (the periphery is underestimated); Here two comments are appropriate. (1) By eliminating 11% of the galaxies from the sample, we reduced the scatter in the IRTF diagram by a factor of 1.6. An additional check of the excluded galaxies shows that using new, more accurate data generally eliminates the strong deviations.
(2) The 2MFGC did not include about 600 RFGC galaxies with known V h , W, and V max , since they did not meet the sample criteria for one or another reason: of them 188 have 2MASS photometry. In principle, these data could also be included in the analysis, but for the sake of uniformity we have not combined the 2MASS and optical characteristics. The 2MFGC galaxies with measured radial velocities ( N = 5653) cover a broad range of V 3K up to 52300 km/s with an average value of 7450 km/s. Figure 1 shows the distribution of N = 5539 2MFGC galaxies from this sample with respect to the radial velocities in the interval 0-20000 km/s (thin lines). The galaxies with measured rotation amplitudes, for which we give the peculiar velocities ( N = 2724), are closer: the maximum velocity in this sample is V 3K = 19100 km/s and the average velocity is V 3K = 5670 km/s. The thick lines in Fig. 1 indicate the distribution of the galaxies in this subsample. Figure 2 shows the distributions of both samples with respect to the corrected apparent magnitude: N = 5653 galaxies with measured radial velocities (thin lines) and N = 2724 galaxies for which we give the peculiar velocities. These figures show that the galaxies with measured rotational amplitudes represent more than half of the galaxies with V 3K < 8000 km/s and of the objects brighter than J c fe = 13 m . The distribution over the sky of the 2724 galaxies from Table 1 is shown in Fig. 3 in galactic coordinates. Table 1 is a list of the peculiar velocities of some of the 2724 2MFGC galaxies.* The column entries are: (1) the number in the 2MFGC catalog; (2) the galactic coordinates (in degrees); (3) J c fe , the Kron "elliptical" stellar magnitude, corrected for absorption in our galaxy; (4) W 50 , the width of the 21 cm line, corrected for cosmological broadening (the width W 20 and rotation amplitude V max are reduced to W 50 using the equations given in Section 2); (5) V h , the heliocentric radial velocity;                   Here we present the beginning of the table as an illustration. The complete list of peculiar velocities will be provided in the astrophysical data base.
List of the peculiar velocities and characteristics of the bulk motion
(6) V 3K , the radial velocity in the 3K-system calculated according to Ref. 28; (7) H 0 r the photometric distance obtained using Eqs. (1) and (2) The set of peculiar velocities V pec from Table 1 has been used to calculate the orthogonal components  V= (V x , V y , V z ) of the dipole component of the bulk velocity,
by minimizing the sum of the squares of the "noise" component V p,i of the peculiar velocity ( i is the sequence number of the galaxy in the sample). Here  e i = (cosl i cosb i , sinl i cosb i , sinb i ) is the unit vector for the direction to the i-th galaxy in the data set associated with the galactic coordinates l,b.
From the orthogonal components ( V x , V y , V z ) we calculated the absolute value and direction of the bulk motion of the 2724 2MFGC galaxies: V = 199 ± 37 km/s, l = 304 We emphasize that these results have been obtained for spiral galaxies of later types selected in terms of their infrared photometric characteristics in the XSC catalog. A comparison with Ref. 17 reveals an perfect mutual agreement in the calculated values of V, l , and b. Thus, the manner of selecting disk-shaped galaxies in terms of their optical features (RFGC) or their infrared characteristics (2MFGC) has little effect on the parameters of the dipole solution. The transition to a new sample ( RFGC → 2MFGC ) has made it possible to increase the number of galaxies in the sample to a depth of 19000 km/s by a factor of three. Because of this the accuracy of the determinations of V, l, and b was increased by almost a factor of two, the significance of the dipole increased from 3.5 to 9.8 according to the Fisher criterion, and the "goodness" G = ( N/100) 1/2 /σ TF increased from 7.4 to 11.1. Figure 4 shows the absolute value of the bulk velocity as a function of the maximum sample depth. This diagram shows that as the examined volume increases there is a substantial reduction in the amplitude of the bulk motion of the galaxies from 360 to 200 km/s. The damping of the amplitude of the non-Hubble motions with increasing scale (the convergence effect) is to be expected in the standard model for formation of the large scale structure of a universe with cold dark matter and a cosmological constant. Beyond V 3K = 10000 km/s the completeness of our sample falls off sharply, so the observed convergence effect actually corresponds to scales from z = 0.01 to 0.03. 
Discussion of results
We now compare the present results with our previous estimates. In Section 2 we gave values of the parameters of the bulk motion for a cleaned sample of 971 flat spiral RFGC galaxies optically selected in photographic surveys of the sky. These parameters were obtained using the multiparameter IRTF relation [17] . The results were: the velocity module V = 199  61 km/s, and apex coordinates l = 301° ± 18° and b = −2° ± 15°, with σ TF = 0 m .42 and σ V = 1045 km/s. The maximum depth of the sample examined in this case was V 3K = 18000 km/s and the average V 3K = 6160 km/s.
Here we shall also give our earlier estimate of the parameters of the bulk motion for a cleaned sample of 919 RFGC galaxies with V 3K < 18000 km/s. From the optical parameters of these galaxies we obtained V = 300 ± 75 km/s, l = 328° ± 15°, and b = +7° ± 15°, with σ V = 1160 [6] .
Here the values of V, l, and b were calculated based on our first list of peculiar velocities [5] . We can make a direct comparison of the samples, of the methods for estimating the distances, and of the individual distances obtained in Ref. 5 , i.e., optical (OPT), and, in the present paper, infrared (IR).
Details regarding the sample construction, the description of the characteristics of the galaxies, the corrections applied to the observational data, and the methods for determining the distances are discussed in Ref. 6 and the references therein, as well as in the previous sections of this paper. Here we briefly list the features of the sets of data on the peculiar velocities of the galaxies.
OPT. Sample of galaxies from the RFGC catalog. The angular isophotal diameters are given in a uniform system that is close to the standard system a 25 , and are corrected for the inclination and the galactic absorption in accordance with Ref. 29 Here a regression was constructed for a subsample of 1132 galaxies which excluded galaxies with unreliable HI line profiles and distant galaxies with z > 0.06 from the original sample of 1327 RFGC galaxies. The peculiar velocities were defined as
where V d is the dipole component of the radial velocity of the galaxies in the sample.
IR. Sample of galaxies from the 2MFGC catalog. Kron J fe values from the XSC catalog corrected for absorption in the galaxy. The rotation amplitudes and widths W 20 are reduced to W 50 using the relations found for this sample. The values of W 50 were corrected for cosmological broadening. The heliocentric radial velocities are reduced to the V 3K system. The individual (luminosity) distances for the galaxies were calculated in two steps using a multi-parameter linear IRTF relation. Here relativistic corrections were incorporated in the relationships between the distance and redshift. The peculiar velocities V pec were determined using Eq. (4) of the present paper for the sample of 2724 2MFGC galaxies.
The distances for the 724 galaxies common to the OPT and IR lists are compared in Fig. 5 .
It can be seen that, on the average, up to 12000 km/s the OPT and IR distances are related linearly. Different methods of processing the observational data (two-or one-step determination of the distance, use of IR magnitudes or optical diameter, etc.) lead to a random spread relative to a dependence that is linear on the average. But beginning roughly at 12000 km/s, a deviation from linearity can be seen. It is easy to show that the main reason for this nonlinearity is the presence in the model (Eq. (6)) of a quadratic term in the width W 50 which becomes substantial at large distances. Introducing this term at 3% reduces the dispersion in the "thermal" peculiar velocities (7), but its physical ground remains unclear. One of the reasons for the significance of this term in Eq. (6) according to the Fisher criterion may be the selection effect, whereby we choose larger galaxies at great distances.
We cannot say at present which of the two distances is more "correct." However, we can point out that the accuracy of the calculation of the absolute value of the bulk velocity is roughly twice as high for the IR sample than for the OPT sample (37 km/s vs. 75 km/s).
For studying the large scale motions of galaxies in a volume of radius ~100 Mpc we have placed a bet on thin, disk-shaped galaxies of later types which have a simple structure, are rich in gas, and, moreover, avoid the central regions of galactic clusters with their high virial velocities. Two catalogs, RFGC and 2MFGC, have been created for this purpose, with objects chosen on the basis of optical and infrared characteristics, respectively. Both catalogs cover the entire sky, both north and south. At present, only a small fraction of the galaxies in these samples (23% for RFGC and 15% for 2MFGC) have individual distance estimates made using the simple or multi-parameter Tully-Fisher relations. We believe that measurement of the rotation velocities and radial velocities of all the galaxies in both catalogs would provide an outline of the non-Hubble velocity field out to distances of ~200 Mpc with a very high detail.
A comparison of the first list of peculiar velocities for flat spiral galaxies [5] with the list presented in this paper shows that the data are in good mutual agreement. The typical individual peculiar velocities in both samples are ~900-1000 km/s, owing primarily to errors in the measured distances to the galaxies. The distribution of peculiar velocities in the dipole approximation considered here has an amplitude of ~200-300 km/s in the l ≈ 301°÷304° direction lying near the galactic plane with b ≈ −2° ÷ −8°. The magnitude and direction of the dipole were essentially independent of whether the sample galaxies were selected for the optical or infrared characteristics, as well as of whether the optical angular diameters or the infrared stellar magnitudes were used in the Tully-Fisher relation. The stability of our determination of the dipole parameters and their consistence with the estimates of V, l , and b based on the more representative samples by others [8] [9] [10] [11] suggests that the value of the dipole vector at scales of ~100 Mpc has now been determined with an accuracy of up to ± 40 km/s and its direction, with an accuracy of ± 12°. A direct comparison of the individual distances for flat galaxies from their optical and infrared characteristics yields mutual agreement for velocities V 3K ≤12000 km/s.
